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Fuel utilizationFuel utilization
• The central purpose of the fuel cycle is the 

consumption  of fuel in the reactor and 
extraction of energy.

• An overall measure of the energy obtained 
from the fuel is its burn-up, i.e. the energy per 
unit of mass of fuel (megaywatt-days or 
gigawatt-days of thermal output per ton of 
initial heavy metal)

• In U-fuel reactors, most of the energy comes 
from the fission of 235U. However production 
of the 239Pu  plays a significant role in the 
energy economy of the reactor.



Actinide production in a reactorActinide production in a reactor
Generated by neutron capture not followed by fission

The actinide produced with greater abundance is the plutonium 
(its principal isotope is plutonium-239,  fissile material). 
However, reactors generate other actinides called “minor 
actinides”.  Main ones are neptunium-237, américium-241 et 243 
and curium-244 et 245.  The minor actinides represent with the 
plutonium the major part of the high activity and long lived 
nuclear waste.

The transuranium actinides (Z>92) don’t exist in natural state, 
their isotopes present often a short half-life with exception of 
some isotopes of Np, Pu, Am et Cm produced in ponderable 
quantity in nuclear reactor.



Actinides ProductionActinides Production



Decay vs. ProductionDecay vs. Production

•• In a reactor, the population of an actinide is In a reactor, the population of an actinide is 
driven by:driven by:
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if if τ >> ττ >> τbobo decay neglectibledecay neglectible

if if ττ << << ττbobo nuclear reaction neglectiblenuclear reaction neglectible

if if ττ ~ ~ ττbobo a small flux change can make vary the nuclide behaviora small flux change can make vary the nuclide behavior



Fission productsFission products

• Asymmetrical fission  
• Isotopes of more than 

30 elements are 
observed as fission 
products

• Most of the fragments 
are far of the stability 
and then decay by β-

or delayed neutron



Dependence of the FY distribution Dependence of the FY distribution 
in nin n--energy and target natureenergy and target nature



ShortShort--lived fission productslived fission products
•• (betwen 5 and 100 years)(betwen 5 and 100 years) –– to be compared with time to be compared with time 

spent in fuel in the reactor ~ 3 yearsspent in fuel in the reactor ~ 3 years
-- Short halfShort half--life: most of them will decay to stable daughterslife: most of them will decay to stable daughters
-- HL ~ year: accumulation in fuelHL ~ year: accumulation in fuel
-- Ex: Ex: 135135Xe (8 h) neutron poison, Xe (8 h) neutron poison, 131131I (8 days) mobile and volatileI (8 days) mobile and volatile
-- Average HL: the most problematic Average HL: the most problematic 137137Cs (30 y) and Cs (30 y) and 9090Sr (28 y). Sr (28 y). 

They represent the principal source of contamination at medium They represent the principal source of contamination at medium 
term due to Tchernobyl and atomic bomb triesterm due to Tchernobyl and atomic bomb tries

-- The fission products represent almost the whole radioactivity ofThe fission products represent almost the whole radioactivity of
freshly discharged fuelfreshly discharged fuel



LongLong--lived fission productslived fission products

•• T  > 100 ansT  > 100 ans
-- Greater is the halfGreater is the half--life and less radioactive is the nuclidelife and less radioactive is the nuclide

problem: halfproblem: half--lives are from 30 y to millions of yearslives are from 30 y to millions of years
-- After ~500 y, 1/1000  of the actinide activity remainsAfter ~500 y, 1/1000  of the actinide activity remains
-- Only a few hand of longOnly a few hand of long--lived FPs: lived FPs: 9999Tc (3,1x10Tc (3,1x1055 y), y), 

135135Cs(2,3x10Cs(2,3x1066 y), y), 129129I (1,57x10I (1,57x1077 y), y), 107107Pd (6,5x10Pd (6,5x1066 y), y), 9393Zr Zr 
(1,5x10(1,5x1066 y)y)

-- 129129I et I et 135135Cs can propagate in the environment and are volatileCs can propagate in the environment and are volatile
-- 129129I is 240 million times less hazardous than  I is 240 million times less hazardous than  131131I (shortI (short--lived)lived)
-- 135135Cs is  77000 times less hazardous than Cs is  77000 times less hazardous than 137137Cs (shortCs (short--lived)lived)
-- 9999Tc et Tc et 135135Cs are difficult to transmuteCs are difficult to transmute



Back end of the fuel cycleBack end of the fuel cycle

• Periodically a portion of the fuel is 
removed and replaced by fresh fuel 
(typically 1/3 replaced yearly)

• Disposal (permanent or retrievable) & 
Reprocessing (U/Pu, some of the fission 
products)



Ingestion RadiotoxicityIngestion Radiotoxicity



Actinide vs. Fission Products ActivityActinide vs. Fission Products Activity
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WebWeb--KOrigenKOrigen
Research Centre Karlsruhe together with the Nucleonica developers form the 
European Commission's Joint Centre have created an extended version of 
KORIGEN called webKORIGEN
It supports calculations for a set of standardized problems, trimmed to three 
major classes of nuclear plants whereas more complex and general tasks can be 
solved only with the KORIGEN original code
The nuclear systems supported by webKORIGEN are: the thermal power plants 
deployed worldwide as Pressurized Water Reactors (PWR) and Boiling Water 
Reactors (BWR)and a future extension to the current industrial technology : the 
European Fast Reactor (EFR). 
In webKORIGEN four operational modes can be run. They constitute only a 
subset of full variety of KORIGEN features, dedicated data libraries and 
miscellaneous options. The modes are depicted as diagrams versus time: fuel 
power history versus irradiation time, decay heat or decreasing mass 
concentration versus decay time. 
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